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Abstract: Before agricultural expansion in the 19th century, river valleys of North America supported ex-
panses of wetland habitat. In restoring these landscapes, it is important to understand their historical condition
and biological function. Synthesizing historical primary accounts (from explorers, travelers, settlers, and
farmers) with contemporary knowledge of these wetland systems, we developed a profile of the wetlands
and their use by nonbreeding waterbirds (e.g., waterfowl, wading birds, and shorebirds) within the Willamette
Valley, Oregon, ca. 1840. We found evidence for three types of wetlands used by non-breeding waterbirds
in fall, winter, and spring: emergent wetlands, riverine wetlands, and wetland prairie. The most extensive
wetland type was wetland prairie, which functioned as fall/winter habitat for waterbirds, but only while
native Kalapuyans managed the region with fire. Since the mid-1800s, four species, in particular, have
decreased their use of the Willamette Valley: trumpeter swan (Cygnus buccinator), snow goose (Chen caeru-
lescens), sandhill crane (Grus canadensis), and long-billed curlew (Numenius americanus). Information sug-
gests that ca. 1840, waterbirds and their habitats were more abundant in the Willamette Valley than today.
Restoration of the Willamette Valley landscape is warranted, and today’s agricultural wetlands—former
wetland prairie—hold highest restoration potential.
Key Words: agricultural landscape, fire, historical wetlands, Kalapuya, land use, Oregon, shorebirds, wading
birds, waterfowl, wetland loss, wetland prairie, wetland restoration, Willamette Valley
INTRODUCTION
Conversion of river valleys into agricultural land-
scapes accounts for the earliest and most profound loss
of North American wetlands (Dahl 1990, Vileisis
1997, Mitsch and Gosselink 2000). The most vulner-
able river valleys were characterized by open wet prai-
ries and wide river floodplains. These features made
them fertile farmland and facilitated their conversion
into agricultural land by Euro-American settlers in the
1800s (Robbins 1997, Vileisis 1997, Nelson et al.
1998). Moreover, the extensive and spatially-uniform
nature of agricultural settlement resulted in loss of
these wetlands on a landscape scale (Maizel et al.
1998).
In the last few decades, there has been an increased
recognition of wetland loss (50% for many coun-
tries), the valuable functions of wetland ecosystems
(e.g., flood control, water quality, wildlife habitat), the
decline of numerous migratory waterbirds (Orders An-
seriformes, Charadriiformes, Ciconiiformes, Gruifor-
mes) and other wetland-dependant species, and the im-
portance of conservation and restoration efforts at
large spatial scales (Smith et al. 1989, National Re-
search Council 1992, USFWS and CWS 1994, Mitsch
and Gosselink 2000, Brown et al. 2001). As a result,
many agencies are beginning to acknowledge the need
to design and implement region-wide wetland resto-
ration and wildlife conservation plans for agricultural
river valleys in North America.
Successful restoration efforts rely on knowledge of
the ecological condition of landscapes prior to Euro-
pean settlement (National Research Council 1992, Sisk
1998). For waterbird conservation, knowledge of the
extent, spatial distribution, condition, and use of his-
toric habitat provides insight regarding the relative im-
portance of restoring wetlands in a region, effective
spatial locations for restoration, and manipulations
needed to emulate historic functions of wetland habi-
tat. Although we can deduce the location of historic
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wetland sites from hydric soils data, inferring their bi-
ological characteristics and the diversity and abun-
dance of waterbirds that used them requires historical
research.
For many pioneers in the 1840s, the Willamette Val-
ley of Oregon was viewed as a paradise (Gibson 1985,
Boag 1992, Robbins 1997). The Willamette Valley
(‘‘Valley’’) would undergo a substantial transition in
land use since then, impacting native wetlands and
other habitats (Gibson 1985, Robbins 1997). Today,
remaining wetlands are primarily dispersed among
small urban remnant wetlands, a few duck hunting
clubs, four state and federal wildlife refuges, and hun-
dreds of scattered agricultural wetlands. Unlike refuge
wetlands, however, agricultural wetlands receive no
formal protection. Collectively, these wetlands annu-
ally support at least 200,000 waterfowl and 40,000 or
more shorebirds in winter and an unknown number of
migrants in spring and fall (Johnson 1993, Gilligan et
al. 1994, Nehls 1994, Sanzenbacher and Haig 2002
a,b, Robert Trost pers. comm.).
With large estimates for Valley-wide wetland losses
and conversions (Hulse et al. 1998, Daggett et al.
1998, Christy et al. 2000) and continued yearly loss
of habitat (Bernert et al. 1999), local and federal agen-
cies and coalitions recognize the need to protect and
restore Valley wetlands (Good and Sawyer 1998, Drut
and Buchanan 2000, Morlan 2000, Oregon Wetlands
Joint Venture 2001, Willamette Restoration Initiative
2001). However, the historical importance of these
habitats to waterbirds and the impact of land-use
change on waterbird populations have not been con-
sidered fully. We investigated the historical Willamette
Valley at the time of early Euro-American settlement
(ca. 1840). Our objectives were to deduce 1) the nature
of historical wetland habitat suitable for waterbirds, 2)
the spatial extent of these wetlands, and 3) their his-
torical use during the non-breeding season (fall, win-
ter, spring) by waterbirds. In addition, we present the
history of changes to Valley wetlands and waterbird
use.
STUDY AREA
The historical landscape of the Willamette Valley is
a 9100 km2 area of lowland plains within the Willam-
ette Basin of western Oregon, varying in width from
about 20 to 60 km, and covering a north-south length
from Portland to Eugene of roughly 290 km (Benner
and Sedell 1997, Hulse et al. 1998). The prominent
hydrologic feature of the Valley is the northerly-flow-
ing Willamette River and its 13 major tributaries,
which drain 29,000 km2 (Gregory et al. 1998). The
climate of this region is cool Mediterranean, with an
average annual rainfall of 100–125 cm, 75% of it fall-
ing between October and March (Jackson and Kim-
erling 1993). Average temperatures range from 1C in
January to 30C in July (Oetter et al. 2000). The Val-
ley includes two distinct topographic sub-ecoregions:
1) Willamette River and Tributaries Gallery Forest—
the river, tributaries and associated bottomland forests
within the floodplain and 2) Prairie Terrace—a flat
fluvial terrace upslope of the bottomland floodplain
(Clark et al. 1991, Pater et al. 1997). Today, lands in
these regions grow a variety of crops, including grass
seed, vegetable crops, fruit orchards, nursery and
greenhouse stock, peppermint, and Christmas trees;
grass seed fields are most prevalent (Hulse et al. 1998,
Oetter el al. 2000). Currently, 70% of Oregon’s pop-
ulation lives in the Valley (Hulse et al. 1998).
METHODS
Although waterbirds as a group are associated with
a wide variety of aquatic habitats, we looked for in-
formation on shallow-wetland species only, namely
shorebirds (order Charadriiformes), dabbling ducks,
geese, and swans (order Anseriformes), wading birds
(order Ciconiiformes), and cranes (order Gruiformes).
We did not consider certain cryptic species (e.g.,
American bittern Botaurus lentiginosus Rackett, rail
spp.) that may have been common, but too inconspic-
uous to provide historical information. Within each of
these groups, we searched for information on 21 spe-
cies that presently winter and/or migrate through the
Valley, plus four species that were formerly common
but presently uncommon or even rare: trumpeter swan
(Cygnus buccinator Ord), snow goose (Chen caeru-
lescens Linnaeus), sandhill crane (Grus canadensis
Linnaeus), and long-billed curlew (Numenius ameri-
canus Bechstein) (Gabrielson and Jewett 1940, Gilli-
gan et al. 1994, Nehls 1994, Marshall et al. 2001).
Waterbirds generally feed in wetlands with features
that maximize the abundance and accessibility of their
foods, such as seeds (primarily dabbling ducks), new
shoots of wetland plants (geese), tubers and rhizomes
(geese, swans), and aquatic invertebrates (shorebirds
and waterfowl) (Fredrickson and Reid 1986, Helmers
1991). These features include saturated or shallowly
flooded (25 cm) substrates (e.g., for dabbling ducks
and shorebirds) that are relatively open with soft sed-
iments (e.g., unvegetated mudflats for shorebirds) or
covered with new, short grass or wetland plant shoots
(e.g., for grazing waterfowl) (Colwell and Oring 1988,
Ehrlich et al. 1988, Hands et al. 1991, Baldassarre and
Bolen 1994). Consequently, to understand the nature
of Valley wetlands for waterbirds, we sought historical
information on degree of saturation/flooding and veg-
etative structure of Valley habitats.
We searched the literature beginning with Lewis
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and Clark’s 1805–06 expedition to the Columbia River
(when the Willamette River was first described; Per-
rine 1924), but we focused on the period 1820–1880,
the years of Euro-American exploration and settlement
of the Willamette Valley (Robbins 1997). Primary
sources included fur trapper’s journals, explorer/natu-
ralist’s logs, missionary writings, early settler-farmer
diaries, promotionist’s reports, and government docu-
ments. Secondary sources included habitat maps, geo-
morphology studies, anthropological research, and pri-
or work on the historical Willamette River and its
floodplain.
RESULTS AND DISCUSSION
Historical Wetlands
Christy et al. (2000) reconstructed a map of histor-
ical (ca. 1850) Willamette Valley land cover using data
from General Land Office (GLO) surveys (e.g., Nelson
et al. 1998) and other sources (e.g., Soil Survey Geo-
graphic (SSURGO) database (USDA 2000)). We com-
bined classes described by Christy et al. (2000) into
wetland categories important to waterbirds following
Cowardin et al. (1979) terminology. These were emer-
gent wetland (i.e., permanent, semi-permanent, or sea-
sonally flooded emergent marsh and aquatic bed ac-
cording to Cowardin et al. (1979)), riverine wetland
(i.e., emergent, scrub-shrub, forested and open water
wetlands and sloughs associated with the river flood-
plain), and wetland prairie (i.e., emergent seasonal wet
grassland, which generally occurs on poorly drained
flat to gently sloping lowland soils (Wilson 1998)).
Wetland prairie was most extensive at 121,488 ha
(Christy et al. 2000; Figure 1). In wetland prairie, poor
drainage and low evaporation allow winter precipita-
tion to accumulate, resulting in shallow, standing water
(Finley 1995, Wilson 1998). Coverage for riverine
wetlands was not calculated, but the estimate of
117,917 ha by Christy et al. (2000) for total ‘‘riparian
and wetland forest’’ plus ‘‘open water’’ (rivers,
sloughs, beaver ponds, lakes) illustrates the potential
of this habitat. Emergent wetlands (3,599 ha) com-
prised a small fraction of total wetland habitat.
Emergent Wetlands. The largest examples of this
wetland type were located in the Tualatin Basin (Wa-
pato Lake) and near present-day Salem (Lake Labish;
Figure 1; Henderson et al. 1916, Scott 1923, Christy
et al. 2000). Between the 1830s and 1890s, observers
mentioned in passing habitats that were likely emer-
gent wetlands (Hines 1850, Nash 1882, Henry 1897,
Scott 1923, Ellison 1932). Other emergent wetlands
were associated with the river or tributary streams and
maintained by river overflow and a higher water table
(Sedell and Froggatt 1984, Holland 1994, Gregory et
al. 1998).
Riverine Wetlands. Historically, the winter volume of
the Willamette River dispersed across its 1.5- to 3.5-
km-wide floodplain (Benner and Sedell 1997, Miller
1999). This active floodplain was broadest in the
southern Valley where the alluvium was more gently-
sloping (Sedell and Froggatt 1984). As a result, riv-
erine wetlands were historically more numerous in the
southern Valley. There were numerous floodplain trib-
utaries draining the upland terrace and foothills (Ben-
ner and Sedell 1997). Dynamic river processes (high
water events, gravel movement, large wood recruit-
ment, sediment erosion and deposition) maintained ex-
tensive off-channel habitats—side channels, alcoves,
sloughs, shallow lakes, and linear ponds (Sedell and
Froggatt 1984, Benner and Sedell 1997, Landers et al.
2002). Prior to trapping in the early 1800s, beaver
(Castor canadensis Kuhl) also contributed to this com-
plexity by ponding water (Sedell and Froggatt 1984,
Benner and Sedell 1997, Robbins 1997). Snags and
wood jams created slackwater pools and trapped or-
ganic debris. Floods were relatively frequent and
played an important role in connecting the active river
channel to the floodplain (Benner and Sedell 1997,
Miller 1999). Flooding would also increase area of
temporary flooded lowlands (Perrine 1924).
These processes resulted in an extensive surface
area of shallow riverine shoreline with slow-moving
or stagnant waters (Benner and Sedell 1997, Hulse et
al. 1998). Such habitat would be of value to foraging
and resting waterbirds, especially waterfowl and large
wading birds (family Ardeidae). Side channels created
islands within the floodplain (Gregory et al. 1998,
Landers et al. 2002), which along with floodwater
scouring, provided open (unvegetated) roosting habitat
for waterbirds, especially shorebirds. Finally, the
floodplain supported a dense riparian forest (Sedell
and Froggatt 1984, Gregory et al. 1998, Hulse et al.
1998) whose organic material provided nutrients and
substrates necessary to sustain river invertebrates (Se-
dell and Froggatt 1984).
Between 1811 and 1852, observers referred to the
floodplain surrounding the river as ‘‘swampy’’ with
‘‘low ravines or sloughs overflowed with water’’ in
late-fall and winter (Lee 1916, Kendall 1935, Franch-
ere 1954, Palmer 1983). Moreover, many remarked on
the regularity with which the river level would rise
temporarily with winter rains to overflow into sur-
rounding bottomlands (Hines 1850, Mills 1882, Henry
1897, Wilkes 1911, Howison 1913, Gary 1923, Ellison
1932, Wyeth 1969, Farnham 1977, Palmer 1983, Cly-
man 1984). Riverine wetlands persisted through spring
migration as river overflow from spring snowmelt
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Figure 1. Historical (ca. 1850) wetland habitats of the Willamette Valley, Oregon, with wetland prairie shown in gray and
riparian/wetland forest (locations of probable riverine wetlands) shown in black (modified from Christy et al. 2000). Emergent
wetlands were too scarce to display at this scale. Although not considered part of the Willamette Valley lowlands, the Valley
Foothills sub-ecoregion is displayed surrounding the Prairie Terrace and the Willamette River and Tributaries Gallery Forest
sub-ecoregions of the Valley lowland proper (Clark et al. 1991, Pater et al. 1997).
(Hines 1850, Victor 1872, Mills 1882, Lee 1916, Gary
1923, Parker 1967).
Wetland Prairie. Historical accounts from the 1800s
and more recent analyses indicate that open prairie was
the dominant feature of the Valley before settlement
(Minto 1908, Douglas 1959, Habeck 1961, Johannes-
sen et al. 1971, Farnham 1977, Clyman 1984). Given
the distribution of hydric soils across the prairie terrace
(Parsons et al. 1970, Daggett et al. 1998), roughly half
of the Valley prairie was wetland (Hulse et al. 1998,
Figure 1). Wet prairie lands were most extensive and
continuous south of the Santiam River (between Al-
bany and Eugene), averaging 32 km in width. North
of this, wetland prairie was more common west of the
Willamette River but patchily distributed east of the
river (Bowen 1978, Holland 1994, Figure 1). Common
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wet prairie plant species included tufted hair-grass
(Deschampsia cespitosa Linnaeus) and camas (Ca-
massia quamish Pursh).
The combination of aboriginal fire and ponding
from winter rainfall likely shaped the Valley wetland
prairie into valuable habitat for many waterbirds. In
summer and autumn, the indigenous Kalapuya set fire
to prairie vegetation to promote maintenance of food
plants, facilitate crop harvesting, and aid in hunting
(Zenk 1976, Boyd 1986; see Whitlock and Knox
(2002) for a contrary view on the role of aboriginal
fire in shaping Valley vegetation). Because fires took
place annually, fuel buildup was low and burns were
of low intensity (Boyd 1986). Burning was spatially
extensive (e.g., Hines 1850, Wilkes 1911, Lee 1916,
Scott 1923, Douglas 1959, McLeod 1961, Farnham
1977, Clyman 1984), as also indicated by the pre-con-
tact size of the Kalapuya population (ca. 13,000 peo-
ple; Boyd 1986) and their dispersed distribution
(Poesch 1961). Moreover, the most prominent plant
component of the Kalapuya diet was camas bulbs
(Zenk 1976, Boyd 1986) that were abundant via re-
duction of competing woody plants through fire (Wil-
son 1998).
After fire, birds could access the substrate for food
and increase their vigilance for predators. Defoliation
from fire was evident from historical accounts in the
early 1800s. Many commented on the difficulty in
finding fodder for horses (Hines 1850, Wilkes 1911,
Lee 1916, Scott 1923, Douglas 1959, McLeod 1961,
Farnham 1977, Clyman 1984), and others observed
that vegetation of burned prairies was only 7 cm high
in November (Clyman 1984) and 15 cm tall by Feb-
ruary (Ball 1833). Moreover, the horizontal structure
of prairies was relatively open historically, as mature
plants were segregated spatially, with unvegetated
spaces between them (Wilson 1998).
Exposed prairie soils would not be attractive to most
waterbirds unless saturated or flooded. Evidence for
ponding of wetland prairies in the Valley comes from
a number of historical accounts. In 1834, trapper John
Work reported on prairie lands that were currently or
previously inundated from winter rains, mostly in the
south Valley (Scott 1923). Prior to the 1880s, many
commented on the prairie in winter and spring as ‘‘wet
and muddy,’’ ‘‘covered with water,’’ ‘‘too wet for the
plow,’’ ‘‘percolating quicksands,’’ and in general
poorly-drained (Victor 1872, Murphy 1879, Nash
1882, Shafer 1909, Wilkes 1911, Henderson et al.
1916, Hancock 1927, McLeod 1961, Parker 1967,
Palmer 1983, Clyman 1984). Consequently, early set-
tlement occurred on the upland prairie-woodland edges
of the Valley (Kendall 1935, Bowen 1978, Boag 1992,
Bunting 1993). Prevalence of standing winter water
was further supported by the springtime presence of
mosquitos (Gary 1923, Douglas 1959) and outbreaks
of malaria among the Kalapuya (Boyd 1975).
Wetland prairies potentially held valuable food re-
sources for waterbirds. Among common native wet
prairie plants identified for the Valley (Wilson 1998),
spikerushes (Eleocharis spp.), sedges (Carex spp.),
wild barley (Hordeum spp.), and buttercup (Ranun-
culus spp.) have been found in waterfowl diets (Martin
and Uhler 1939). For grazing species like geese and
American wigeon (Anas americana Gmelin), new
forbs and shoots from grasses would have presented
browse. Invertebrates important to shorebirds and dab-
bling ducks (e.g., oligochaetes, diptera larvae, and oth-
er aquatic insects) are widespread in their distribution
among wetland prairies (Coupland 1979, Pennak
1989).
Contemporary research indicates that the combined
effects of burning and flooding can increase the abun-
dance and accessibility of food in wetlands (Lynch
1941, de Szalay and Resh 1997), as well as use by
waterbirds (Schlichtemeier 1967, Vogl 1973, Kantrud
1986, Stone 1994). Fire has been used commonly as
a waterbird management technique in some marshes
and ricefields in North America (Ward 1968, Rutkosky
1978, Kantrud 1986, Weller 1987, Fredrickson and
Laubhan 1994, Brouder and Hill 1995, Gabrey et al.
1999). Burning fertilizes and may increase protein
content of regenerating plants (Singh and Joshi 1979,
Smith et al. 1984, Weller 1987). For invertebrates, fire
and standing water at mild temperatures (at least 4 C)
accelerate decomposition of organic debris by mi-
crobes (Kantrud 1986, Brouder and Hill 1995). Final-
ly, fire and flooding aids waterbird access to food
(Brouder and Hill 1995).
The Kalapuya subsisted primarily on a diverse as-
semblage of wild plants and, secondarily, on wild
game (Boyd 1986, Boag 1992), including waterfowl
harvested during migration and in winter (Jacobs 1945,
Zenk 1976). In addition to burning for immediate ef-
fects (e.g., to harvest tarweed and collect grasshop-
pers), they burned for long-term goals (e.g., to promote
the continued growth of camas; Boyd 1986), which
allows for the possibility that one long-term goal was
to maintain habitat for waterbirds. That the Kalapuya
may have used fire to manage for winter waterbirds is
also supported by early settler John Minto (1908).
Use By Waterbirds
The most valuable accounts of waterbird use of wet-
lands are from fur trappers of the 1820–30s because
they traversed the Valley in winter as well as fall. Ac-
counts generated from early zoological expeditions
(e.g., Newberry 1857, Peale 1858) were less thorough,
as they only catalogued birds in fall during migration.
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Resources were most often recorded in terms of their
economic importance (Bunting 1993, Robbins 1997).
Thus, birds that were large, gregarious, and hunted
more easily made their way into journal entries, while
the small, inconspicuous, and non-hunted likely es-
caped observation. Travels for scientific inventory and
other purposes were carried out in fall, spring, and
summer, whereas winter travel was avoided.
Most accounts only described a species’ presence
during a season. Fewer described relative abundances
and associated habitats. Among wetland types, there
are generally more accounts of waterbirds using wet-
land prairie. Given that the prairie terrace and rivers
were similarly traversed by Euro-Americans (Boag
1992, Robbins 1997), one could interpret this to in-
dicate that waterbirds primarily used wetland prairies
for feeding and roosting. We found few accounts of
birds using what we thought to be emergent wetlands,
perhaps because of their low relative abundance or be-
cause of settler’s general avoidance of marshes (Rob-
bins 1997).
Waterfowl. Waterfowl were the most widely noticed
group. Many species of swans, geese, and dabbling
ducks were considered abundant during migration and
winter (Howison 1913, Clyman 1984; Table 1). Of
hunted waterfowl, the Kalapuya recognized one swan,
three geese, and three duck species (Jacobs 1945, Zenk
1976). Among Euro-Americans, most swans were
thought to be tundra swans (see Table 1 for scientific
names), although it is possible that some were trum-
peter swans. Although common but relatively rare
compared to other waterbirds during migration (New-
berry 1857, Johnson 1880), there is no direct infor-
mation on the occurrence of trumpeter swans in winter.
Snow geese were widespread and abundant during mi-
gration and winter (Hartlaub 1852, Douglas 1959). In
fall, Peale (1858) commented on the large numbers of
snow geese roosting with white-fronted geese and
cranes on wetland prairie. Kalapuya recognized snow
geese as distinct from other waterfowl, and they were
among waterfowl species hunted regularly (Zenk
1976). Among dabbling ducks, northern shoveler and
gadwall seemed to be less abundant than other species.
Early accounts indicate that waterfowl were asso-
ciated with all three wetland types. On emergent wet-
lands, Peale (1858), Minto (1908), and Clyman (1984)
observed abundant waterfowl during fall. In winter,
Prill (1895) observed several species of geese on the
‘‘marshes of the valley.’’ Of greater emphasis was the
degree to which riverine wetlands were frequented by
geese (Wilkes 1911, Farnham 1977) and dabbling
ducks (Johnson 1880, Wilkes 1911, Farnham 1977)
during migration, and by all waterfowl, including
swans, in winter (Prill 1895, Minto 1908, Parker 1967,
Clyman 1984). We found additional observations of
geese and dabbling ducks using riverine wetlands, but
the particular non-breeding seasons were not specified
(Murphy 1879, Nash 1882, Pope 1896). Nash (1882)
observed geese roosting on sand and gravel bars of the
river during fall. Lastly, wetland prairies were used
extensively by foraging and roosting waterfowl.
Throughout the early 1800s, swans and geese were
commonly noticed feeding and roosting on the ‘‘moist
prairies’’ in migration (Peale 1858, Douglas 1959,
Clyman 1984), with dabbling ducks joining them on
‘‘overflown lowlands’’ and ‘‘grasses of the damp
lands’’ in winter (Allen 1848, Hartlaub 1852, Minto
1908, Howison 1913, Douglas 1959, Clyman 1984).
Wading Birds and Cranes. Among wading birds,
herons and egrets were considered common in migra-
tion and winter (Table 1). Newberry (1857) and Cly-
man (1984) commented that great blue heron were
abundant in the 1840–1850s. The Kalapuya recognized
this species as distinct from other wading birds (Zenk
1976). We found no information on the association of
wading birds with wetland habitat types. During the
non-breeding season, wading birds are not gregarious,
typically foraging alone or in small groups (Ehrlich et
al. 1988). This trait may explain why early observers
did not notice these species more often.
Sandhill cranes were among the waterbird species
recognized by the Kalapuya (Zenk 1976), but there is
no indication they were hunted. Most accounts of the
1800s speak to the regularity with which cranes were
seen during autumn (Table 1), but two accounts assert
that they were also common in the Valley in winter
(Hartlaub 1852, Minto 1908). Most spoke of the sand-
hill crane’s affinity to wet prairie (Hartlaub 1852, Cly-
man 1984), but Minto (1908) noted that cranes win-
tered in great numbers on all three wetland types. Pe-
ale (1858) wrote that migrant cranes prefer ‘‘moist
open grounds, and roost generally on small sand-bars
in the rivers.’’
Shorebirds. There are not as many early (pre-1860)
references to shorebirds as there are to waterfowl (Ta-
ble 1). Accounts are mostly of the larger-bodied shore-
birds, perhaps because only large species were hunted
(Anonymous 1913). Killdeer, common snipe, and
long-billed curlew were the most commonly noted
species (Table 1). The only early record found for dun-
lin was from Johnson (1880), and he commented that
they were seen only occasionally during migration. As
popular usage of terms was loose, some accounts of
snipe may have been of long-billed dowitchers or other
shorebirds. Indeed, an early common name for long-
billed dowitcher was ‘‘red-breasted snipe’’ (Newberry
1857) and ‘‘jack snipe’’ (Takekawa and Warnock
2000). The Kalapuya recognized at least three shore-
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bird species, one of which was presumed to be com-
mon snipe (Zenk 1976).
Some shorebird species were observed on small
‘‘ponds with vegetation’’ or ‘‘wet boggy localities,’’
which we suppose were emergent wetlands (Pope
1896, Minto 1908, Clyman 1984). Peale (1858) col-
lected a red-necked phalarope on the Willamette River,
and Minto (1908) included shorebirds among the wa-
terbirds observed in winter on riverine sloughs. On
wetland prairie, Peale (1858) observed shorebirds dur-
ing migration, and Minto (1908) and Clyman (1984)
observed them in winter.
Long-billed curlew were observed on small ‘‘ponds
with vegetation’’ (Minto 1908), which we presume
were emergent wetlands. Minto (1908) included cur-
lew among waterbirds observed in winter on riverine
sloughs. On wetland prairie, Peale (1858) remarked
that curlew were ‘‘quite common on the prairies of
Oregon’’ during fall, and Minto (1908) found them
among the waterbirds that ‘‘wintered on the grasses
and roots of the damp lands of the valleys.’’ Among
shorebirds described by the Kalapuya, one was char-
acterized as ‘‘a bird somewhat resembling the crane,
but smaller, little, long-legged’’ (Zenk 1976). We
speculate this was the long-billed curlew.
Land-Use Changes
Chronology and Consequences. Suppression of an-
nual prairie burning was potentially the most over-
looked of land-use changes to impact habitat, espe-
cially wetland prairie. Malaria left only 600 Kalapuya
in the Valley by 1841, and by the mid-1840s, immi-
grant settlers forced an end to widespread burning
(Boyd 1986). Consequently, by 1850, the nature of
wetland prairie had changed dramatically. Although
the first homesteaders settled on upland dry prairie
habitats that were naturally well-drained, by 1871, ex-
pansion of railroads on both sides of the river led to
an extension of farming activities into the wetland
prairie (Woodward et al. 1998). Wheat farming on the
wetland prairie gradually diminished wet habitat. With
recognition that these lands were too wet for farming,
surface ditching became a major activity between 1860
and 1880 (Bunting 1993, Robbins 1997). By 1880,
wheat production had increased from 7 to 176 million
liters per year (Boag 1992, Robbins 1997). Surface
ditching continued until the early 1900s, at which time,
the state of Oregon advocated installation of tile drains
as a superior means of draining wet prairie (Williams
1914, Oregon State Planning Board 1938). Thus, by
the time burning came into practice again with grass
seed farming in the 1940s (Svart 1970), much of the
wetland prairie had been drained. Between the 1940s
and 1970s, the Valley experienced another intensive
effort to drain any remaining problematic areas
(USDA Soil Conservation Service 1977).
Wheat farming also resulted in a number of changes
to riverine wetlands once the Willamette River became
a conduit for agricultural commerce (Sedell and Frog-
gatt 1984, Benner and Sedell 1997). Changes to chan-
nel morphology to improve navigation altered natural
processes that maintained riverine wetlands (Benner
and Sedell 1997, Landers et al. 2002). Steamboats ap-
peared on the river in 1850 (Woodward et al. 1998).
Efforts to simplify the river system began in the 1870s
when the U.S. Army Corps of Engineers used cut-off
dams and dredge spoils to isolate secondary channels
and off-channel habitats from the mainstem (Sedell
and Froggatt 1984, Benner and Sedell 1997). In-chan-
nel large wood was removed and revetments were con-
structed to constrain the main channel. With bottom-
land riparian forests felled and loss of secondary chan-
nels, off-channel habitats (e.g., sloughs, oxbows,
swales, small depressions) adjacent to the river were
more easily converted to farmland (Benner and Sedell
1997). These modifications continued to the 1940s
(Robbins 1997). Along the 25-km stretch between
Harrisburg and the McKenzie River confluence, the
Willamette provided 250 km of shoreline in 1854; by
1946, only 82 km of shoreline remained (Sedell and
Froggatt 1984). Between 1940 and 1980, dam con-
struction to restrict flooding events (Hulse et al. 1998)
further added to loss of riverine wetlands (Benner and
Sedell 1997).
Loss of Valley wetlands undoubtedly impacted use
by many waterbirds. Described by settler Minto (1908:
131), ‘‘the ditching to drain roadbeds, and drains for
field crops and cultivated fruits . . . have all tended to
absorb the life-giving surface moisture . . . and the
general effect is that the Willamette Valley has ceased
to be the home of the crane, curlew, gray plover, and
even the snipe, as well as the . . . wild duck.’’ Hunting
for sport and the plume market also decreased numbers
of many waterbirds, especially larger shorebirds and
wading birds (Finley 1909, Anonymous 1913, Storm
1941). Among species currently occurring in the Val-
ley, trumpeter swan, snow geese, sandhill crane, and
long-billed curlew are rare (Gilligan et al. 1994, Nehls
1994, Marshall et al. 2001). Trumpeter swan, snow
geese, and long-billed curlew were considered scarce
in the Valley as early as 1902 (Woodcock 1902). Ga-
brielson and Jewett (1940) considered all four species
as rare by 1940.
Estimates of Loss/Conversions of Wetlands Used by
Waterbirds. Although estimates of wetland habitat
loss and conversion are varied, they provide a general
sense of the extent to which waterbird habitat has been
compromised. Hulse et al. (1998) estimated 57% loss
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of emergent wetland habitat, 72% loss of bottomland
forest, and 99% loss of native wetland prairie. For all
wetland types combined (but not including most con-
versions to agricultural wetlands as extant habitat), Ga-
briel (1993) estimated a 41% loss/conversion of wet-
land habitat. Using the Daggett et al. (1998) estimate
of 80,848 ha of extant non-agricultural wetlands and
the Christy et al. (2000) estimate for historical wet-
lands, we hypothesize a 67% total loss/conversion of
wetland habitat.
Restoration Implications
Western settlement and agricultural enterprise of the
mid-1800s changed wetland landscapes elsewhere in
the Pacific Flyway. Estuarine wetlands along the
coasts of Washington (Puget Sound, Grays Harbor,
Willapa Bay), Oregon (Columbia River and 21 smaller
estuaries), and Northern California (Humboldt Bay)
were diked and drained for farmland or urban devel-
opment (Bortleson et al. 1980, Shapiro and Associates,
Inc. 1980, Thomas 1983, Boule´ and Bierly 1987).
Wetland losses vary from 50 to 95% among these lo-
cales (Boule´ and Bierly 1987). Further south, recla-
mation for agriculture, flood control, and development
reduced wetland habitat by 75% (Klamath Basin, San
Francisco Bay) to 94% (California’s Central Valley;
Akins 1970, Dennis and Marcus 1984). Thus, given
the mobility of migratory waterbirds, negative trends
in Valley bird use are likely in response to changes in
local habitat availability and to loss of waterbird hab-
itat throughout the flyway. Widespread loss of habitat
and populations argues for local restoration of habitat
wherever possible.
Understanding historical Valley wetlands and how
they functioned for waterbirds provides insight on how
to approach local restoration. Numerous agencies are
currently involved in Valley wetland inventory, pro-
tection, mitigation, and regulation (i.e., Oregon Divi-
sion of State Lands, U.S. Army Corps of Engineers,
U.S. Environmental Protection Agency), as well as
wetland creation and restoration (i.e., Oregon Depart-
ment of Fish and Wildlife, USDA-Natural Resources
Conservation Service, U.S. Fish and Wildlife Service).
Moreover, two coalitions (Willamette Restoration Ini-
tiative, Pacific Northwest Ecosystem Research Con-
sortium) have formed to find sustainable ways to stem
further loss and restore habitats in the Valley, includ-
ing wetlands (Hulse et al. 1998, Willamette Restora-
tion Initiative 2001). However, these agencies and co-
alitions have focused on emergent wetlands or wet-
lands associated with the river floodplain. Although
much of the former wetland prairie holds the greatest
potential for restoration, it has not been factored into
overall restoration plans.
Most of the former wetland prairie is now ‘‘agri-
cultural wetland,’’ palustrine emergent farmed wet-
lands that are seasonally flooded (Cowardin et al.
1979). These are cultivated lands where winter pond-
ing temporarily persists, supporting hydrophytes if
farming were discontinued (Daggett et al. 1998). In-
ventories estimate that agricultural wetlands account
for at least half of the non-forested wetlands that re-
main (Daggett et al. 1998, Bernert et al. 1999). To
some degree, plowed and newly-planted fields emulate
historical fall-burned prairies, and where rainfall is al-
lowed to collect on the field’s surface, they somewhat
mimic historical winter wetland prairies. These habi-
tats are used extensively by waterbirds (Budeau 1992,
Sanzenbacher and Haig 2002 a,b) but receive little reg-
ulatory protection (Morlan and Peters 1999). It is im-
portant to identify these wetlands during the rainy sea-
son, map their winter distribution (Taft et al. 2003 in
press), and work with farmers to examine sustainable
ways to enhance their function.
Finally, our findings speak to the potential impor-
tance of historic wetland prairie to waterbirds in other
landscapes of North America. The east-west spread of
agricultural cultivation from 1760 to the present ex-
plains why wet prairies are among North America’s
most endangered ecosystems (Samson and Knopf
1994, Noss et al. 1995, Prince 1997, Maizel et al.
1998). However, outside of the Prairie Pothole Region
(i.e., the Dakotas, Minnesota, Saskatchewan, Manito-
ba), the historic value of wet prairie as migratory and
wintering habitat for waterbirds has not been recog-
nized. While many have recognized the value of his-
toric palustrine wetlands in general (e.g., Smith et al.
1989), the value of the specific palustrine wetland type
of wet prairie is rarely highlighted. Wet prairies of the
river valleys of the Upper Mississippi states between
the Missouri and Ohio Rivers (e.g., Illinois, Indiana,
Ohio), the eastern Great Plains, and the Central Valley
of California likely provided valuable migratory and
wintering habitats for many waterbirds. These regions
were characterized by river floodplains, vast wetland
prairies, and meadows on poorly-drained flat lowlands
(Prince 1997, Vileisis 1997). Aboriginal groups of
these areas similarly used fire as a management tool
(Barrett 1980, Boyd 1986, Kantrud et al. 1989, Askins
1997, Nelson et al. 1998), and burning accompanied
by surface ponding potentially rendered them valuable
foraging habitat for nonbreeding waterbirds. Like the
Willamette Valley, early agricultural settlement result-
ed in the drainage of their prairies (Winsor 1987,
Prince 1997, Nelson et al. 1998) and improved navi-
gation and flood control disconnected rivers from their
floodplains (Gregory et al. 1998). Recognition of the
historic significance of these former wetland prairie
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landscapes should bring new resonance to the wetland
restoration of agricultural landscapes for waterbirds.
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